round amastigote form by binary fission in various tissues of the mammalian host. Mammals belonging to several classes (marsupials, edentates, lagomorphs, rodents, carnivores, primates, and chiropterans) are hosts for T. cruzi. Birds are refractory to T. cruzi infection Nadjar Nitz, Clever Gomes, Ana 
The intruding flagellate may be destroyed in the phagocytes, but many of the internalized parasites replicate as amastigotes before returning to the trypomastigote forms that then burst out of the host cell to invade any tissue or cell type. A vast majority of the parasite's existence within a vertebrate is spent hidden from the host immune system inside muscle cells. Indeed, T. cruzi can persist for decades in this setting without causing the host significant damage. We observed that treatment of chronically infected rabbits with a trypanocidal drug curtailed tissue parasitism, but it did not stop the progressively destructive myocarditis and peripheral nerve system ganglionitis, hallmarks of Chagas disease (Teixeira et al., 1990). What could be sustaining the active destruction of the heart cells? In order to answer this question, we postulated that some rate of genetic transfer could occur from the parasite to the host genome and that resulting mutation could explain the persistence of autoimmune-driven lesions (Leon and Engman, 2003). Therefore, we decided to search for parasite DNA in the genome of Chagas patients.
We analyzed genomic DNA samples from the blood of 13 Chagas heart disease patients that had shown antibody specific to T. cruzi antigens. These patients had vector-transmitted T. cruzi infections for over 30 years and had recently manifested the clinical symptoms of chronic Chagas heart disease (Lauria-Pires et al., 2000). These entire samples harbored parasite DNA as judged by PCR amplification with primers for both T. cruzi nuclear DNA (nDNA) and kDNA minicircle ( Figure  1A ). Southern hybridizations were performed on genomic DNA from these Chagas patients. In a typical example, the DNA sample from Chagas patient 245 revealed 400 and 100 bp bands with the kDNA minicircle probe only, whereas digested and catenated minicircles revealed high molecular weight bands of 1.4 kb and larger, respectively ( Figure 1B) . In order to determine the precise site of kDNA integration, genomic DNA templates to persistent infection.
Integration of T. cruzi kDNA Minicircle Sequences
The active process of genetic transfer between T. cruzi and rabbit was initiated with the examination of into the Rabbit Genome The kDNA integration sites associated with modifica-DNA from tissues extracted from eight animals that had been infected for six months to three years. Digests of tions in the human genome could represent a critical biological element in host-pathogen interactions leading DNA extracted from blood, heart, skeletal muscle, liver, intestine, and kidney were hybridized with the 122 bp to the chronic clinical manifestations of Chagas disease. Initially we sought to reproduce the phenomenon in the constant region (kCR) probe of the T. cruzi kDNA minicircle (Figure 2A) . A 2.2 kb band was obtained in the heartrabbit model infection system (Teixeira, 1986). 
T. cruzi Growth in Embryonic Stem Cells
The invasion of embryonic stem cells by T. cruzi has not been demonstrated previously. We first explored the and large intestine-derived DNAs, distinct from the minipossibility of T. cruzi uptake by stem cells in vitro. circle unit-sized 1.4 kb band hybridizing in parasite DNA alone. DNA extracted from tissues of an uninfected rabRabbit embryo stem cells were readily invaded in vitro Figures 3Ad and 3AdЈ) . Using this kDNA minicircles due to invasion. Thus, these cells are candidates for horizontal or germline transfer of paraimmunohistochemical approach, we confirmed amastigotes of T. cruzi in chicken embryo endoderm and mesosite DNA. (Table 1 ). In three out of six cases, the mushowed positive hybridization bands with the kCR probe in a Southern blot performed on DNA isolated from tated kDNA entered the ␤-globin cluster in chromosome 1, whereas offspring OCE12 yielded two clones showing sperm and from nonfertilized eggs ( Figure 5B) , with their pattern of migration differing from that of free-relaxed kDNA in different frames of the ␤-globin locus. Three of these clones showed the CCAACA motif flanking inteor of free-catenated minicircle DNA. These birds were raised for crossbreeding. In the control group, 14 fertile gration sites and potential ORFs for chimeric proteins. To determine whether the living infection was needed for chicken eggs were subjected to PCR, and neither nDNA nor kDNA was detected (data not shown). Additionally, kDNA integration into the host genome, we inoculated purified or cloned minicircle sequences intravenously we inoculated naked minicircle or cloned minicircle sequences in the air chamber of 30 fertile chicken eggs. into rabbits and monitored animals' DNA weekly for 3 months. kDNA products were amplified from blood DNA Absence of PCR amplification products from these em- 
Germline Transmission of Integrated kDNA in Gallus gallus
With the creation of hens and roosters with integrated kDNA in their ova and sperm, we were poised to examine the transmission of integrated kDNA to the resulting progeny independent of persistent or cryptic T. cruzi infection.
The kDNA transfected rooster 4938 and hens 4973 and 4948 were bred to produce vertical, germline transmission of kDNA to their offspring. Twelve chicks that ). The role of autoimmunity in Chagas disease will be examined in ongoing by T. cruzi is required for minicircles to integrate into the vertebrate host cell genome. Integration does not experiments aimed at the detection of parasite-independent heart homograft rejection in congenic kDNAoccur in the invertebrate vector genome, which does not include an intracellular stage (our unpublished data). mutated chicken strains. The result of disadvantageous mutations such as Therefore, intracellular growth and differentiation is included among the environmental factors associated those caused by kDNA integration in the course of Chagas disease is evidenced by the histopathology evident with kDNA transfer, integration, and continuity in progeny of the host species. This is a highly specific phenomin the experimental rabbit and chicken heart tissues. We hypothesize that kDNA insertion is a mechanism enon, dependent on four "shuttle vectors": (1) the triatomine shuttle that transmits the infection to mammals, triggering the parasite-independent autoimmune tissuespecific rejection in Chagas disease. Novel chimeric (2) the intracellular protozoan carrying kDNA to the host genome, (3) the presence of CA-rich motifs in the target proteins encoded by ORFs formed by kDNA and host DNA juxtaposition have the potential to induce the imhost's genome and parasite's mitochondrial DNA mediating homologous recombinantion as a mechanism of mune response. The resulting phenotypic modification of mutated host cells could be a factor triggering autoimkDNA integration, and (4) host germline cells that pass exogenous DNA to the progeny in the absence of continmunity in Chagas disease. This hypothesis represents a common denominator for explaining a long-lasting ued parasitemia.
The integration of kDNA fragments into LINE-1 eleasymptomatic chronic infection in a majority of the patients, which could be correlated with harmless kDNA ments has implications for the further mobilization of foreign DNA within the host genome. Vertebrate gemutation in some chromosomal sites. Alternatively, it could explain the variable clinical manifestations, which nomes contain repetitive long and short elements (LINEs 
